INTRODUCTION
Nowadays, polyethylene terephthalate (PET) is widely used as a packaging material for mineral water, soft drinks, juices, alcoholic drinks, edibles oils, and non-food items. PET bottles are characterized by high mechanical strength, light weight, low cost, transparency, and gas-barrier properties (Hu et al, 2005a and 2005b) . PET is synthesized by the polycondensation of dimethyl terephthalate or terephthalic acid with ethylene glycol (Haslam and Willis, 1965) . A striking feature of PET in terms of environmental concerns is that it consists only of carbon, oxygen, and hydrogen, and it is fully recyclable. These advantages have led to the increasing replace-ment of glass bottles with those made of PET.
Recently, the system of reusing PET bottles has attracted a great interest as an alternative to recycling them from the viewpoint of reduction in costs and environmental influences. At present, returnable PET bottles for mineral water and beverages are commonly seen in many European countries, and it is generally concluded that returnable PET bottles can be safely re-used (Jetten and de Kruijf, 2002; Jetten et al., 1999; Karamani et al., 2004) . In the re-use system, much attention is given to the quality and cleanliness of the returnable PET bottles. PET surfaces easily adsorb organic compounds in beverages, e.g., proteins, polyphenols, limonene, organic acids, fats, and polysaccharides. These compounds adsorbed on the recovered PET bottles should be fully removed by cleaning operations before the bottles are refilled. However, the cleaning procedure of contaminated returnable PET bottles has been determined based on empirical know-how, and not always fully optimized. This is largely due to the incomplete understanding of the mode of adsorption of soils onto PET surfaces and the cleaning mechanism at PET-water interfaces. In order to ensure the quality assurance and the safety-in-use of returnable PET bottles, it is necessary to optimize the cleaning conditions from the viewpoints of cleaning efficiency and their influence on PET material.
Alkaline cleaning agents such as sodium hydroxide are widely used to clean food-processing equipment and glass bottles because of their excellent ability to solubilize a variety of organic compounds (Twomey, 1968) . The cleaning action of sodium hydroxide is enhanced when used in conjunction with heat. Ester bonds on PET molecules, however, are relatively susceptible to alkali agents and temperature. In addition, the PET surface is hydrophobic in character and hence shows poor wettability. Surface-active agents (surfactants) are regarded as substances capable of reducing interfacial tensions and improving the wettability of hydrophobic surfaces (Jennings, 1965; Koopal, 1985) . To facilitate the cleaning of any kind of hydrophobic surface, it is essential to add surfactants to the alkaline cleaning solution. However, our understanding of the effect of surfactants on the caustic alkali cleaning of PET surfaces is still lacking.
In this study, we investigated the role of polyoxyethylene lauryl ether (POELE) in facilitating the removal of protein and polyphenol from PET surfaces, using nonporous PET particles. POELE is a nonionic surfactant and resistant to acid and alkali agents. In addition, POELE is widely used as an emulsifier, detergent, and wetting agent depending on the number of ethylene oxide (EO) units added to lauryl alcohol. We used bovine serum albumin (BSA) and catechin, of which molecular structures are fully known, as the model fouling materials to simplify the discussion about adsorption and desorption behaviors. The influences of the pH and temperature of cleaning solution on the efficiency of cleaning and on the dissolution of PET material were examined. The effect of POELE on the NaOH cleaning of PET particles was determined and compared with that on the cleaning of hydrophilic alumina (Al2O3) particles. The role of POELE in caustic alkali cleaning will be discussed in relation to the surface tension of cleaning solution and the polarity of the surfaces of PET particles. (Takahashi et al., 2003) . 
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